Summary. The 
Introduction
One of the purposes of studying nuclear transplantation is to attempt to obtain offspring from nuclei of differentiated cells so that cloned offspring can be produced. Although we succeeded in producing offspring after transplantation of mouse 4-and 8-cell nuclei, no development was observed after transplantation of inner cell mass nuclei (Tsunoda et al, 1987) . One possible approach to the problem is to find a method of converting the nucleus into a 'fertilization' nucleus, as has been reported for the frog (Hoffner & DiBerardino, 1980) . Nuclei from mouse follicle cells (Tarkowski & Balakier, 1980) or thymocytes (Czolowska et al, 1984) , when fused with oocytes at the second metaphase, show the nuclear swelling and decondensation of chromatin which are prerequisites for nuclear reprogramming (DiBerardino, 1980) .
There are technical difficulties in observing and manipulating mouse chromosomes at metaphase under a phase-contrast or interference microscope. Chromosomes at metaphase can be easily recognized under a fluorescence microscope when they are stained with Hoechst dye (Ebert et al, 1985 ; Tone & Kato, 1986) . However, u.v. irradiation damages the developmental ability of pre¬ implantation mouse eggs, especially in combination with Hoechst staining (Eibs & Spielmann, whether the enucleated cytoplasm subjected to u.v. irradiation and Hoechst staining can be used for nuclear transplantation. Materials (Fulton & Whittingham, 1978) and washed three times. The eggs for different treatments and cytoplasm for recipient eggs (Series 1) were obtained from non-albino FI (C57BL/6J CBA) female mice mated to males of the same strain. The unfertilized eggs used for cytoplasm recipient (Series 2) were obtained from superovulated Fl females 15-17 h after hCG injection. Pronuclei (Series 1) or nuclei from inner cell mass cells (Series 2) were obtained from donor eggs of albino CD-I females mated to males of the same strain.
After treatment or nuclear transplantation, the eggs were washed several times and cultured in individual drops of Medium M16 (Whittingham, 1971 ) with or without µ -EDTA for 24 h to the 2-cell stage, and for 96 h to the blastocyst stage, under liquid paraffin in a 5% C02 and 95% air atmosphere at 37°C. Some eggs that developed to blastocysts were transferred to uteri of pseudopregnant females 2-5 days post coitum to examine the number of live fetuses.
Before nuclear transplantation, the zonae pellucidae of all the eggs were slit with a fine glass needle along 10-20% of their circumference. The methods for zona cutting, setting the holding and enucleation pipette, pretreatment of eggs with cytochalasin and colcemid, and nuclear transplantation were as described by Tsunoda et al. (1986 (Modlinski, 1981) . The inner cell mass cells were stored at 4°C for 4h in Medium PB1 supplemented with 20% FCS until nuclear transplantation. The zonae pellucidae of the eggs at the second metaphase stage were slit; the eggs were then stained with Hoechst 33342 (0 5µg/ml) for 3 min, and incubated with Medium M2 containing cytochalasin and colcemid for 30 min at room temperature. This concentration of Hoechst dye was used because this was the lowest concentration to show moderate fluorescence of metaphase chromosomes. The second metaphase chromosomes were removed with an enucleation pipette by using a micromanipulator under a fluorescence micro¬ scope; the egg was first secured by a holding pipette opposite the slit in the zona, and the enucleation pipette was inserted into the perivitelline space through the slit. The plate interrupting the u.v. rays was then removed (Fig. 1) , the chromosomes were sucked into the enucleation pipette (Fig. 2) , and the plate was replaced into the pathway of the u.v. rays. The actual time of exposure to u.v. irradiation was 6-15 sec (average 12 sec). Then an inner cell mass nucleus with inactivated Sendai virus (HVJ) (2700 haemagglutinating activity units/ml) was introduced into the perivitelline space of the enucleated egg. At 5-30 min after the injection, the eggs were activated with 7% ethanol for 7 min at room temperature (Cuthbertson, 1983) .
Results Series 1 Table 1 shows the results of in-vitro development of mouse zygotes stained with Hoechst 33342 at various concentrations. The proportions of eggs developed to blastocysts after staining with Hoechst dye at concentrations of 0-25-5 pg/ml (75-91 %) were not significantly different from that obtained in the control group (88%). The development of eggs stained at concentrations of 7-5 and 10 pg/ml (38 and 12%) was significantly (P < 0001) reduced compared with that in the control Fig. 1 . An egg prestained with Hoechst dye (0-5 pg/ml) is secured by a holding pipette (left) and the enucleation pipette is inserted into the perivitelline space through the slit on the zona. The plate interrupting the u.v. ray was then removed. The second metaphase chromosomes (m) and the first polar body (pb) can be seen. Fig. 2 . The second metaphase chromosomes (m) have been sucked into the enucleation pipette, pb = first polar body. (Albertini, 1984) . As indicated in Exp. 1 of Series 1, the treatment of zygotes with Hoechst 33342 at high concentrations (7-5 and 10 pg/ml) significantly inhibited the development to blastocysts.
Spielmann & Eibs (1978) and Eibs & Spielmann (1977) reported that irradiation with u.v. light having an output of 254 nm inhibited the developmental ability of mouse preimplantation embryos. They reported that the u.v. sensitivity was highest in zygotes, with a linear increase of abnormal eggs with u.v. dose. In our preliminary study using a u.v. lamp (254 nm), the proportion of mouse zygotes developing to blastocysts after irradiation with a dose of 1 -4 erg/mm2 was not different from that obtained in control eggs. After irradiation with a dose of 7 erg/mm2, a significantly lower proportion of eggs (6/20, 30%) developed to blastocysts and most of them (7/ lamp. After transfer of such blastocysts to recipients, the pregnancy rate (13/14, 93%) and the proportion of live fetuses (27/81, 33%) were not different from those which had been obtained after transfer of reconstituted eggs (Tsunoda et al, 1986) . However, no development was observed when the cytoplasm was from eggs irradiated with doses 15-30 times higher (0/17).
The results in Series 2 clearly demonstrate that the relatively low sensitivity of cytoplasm to u.v. exposure after Hoechst staining could be used for nuclear transplantation of inner cell mass nuclei to mouse eggs at second metaphase. McGrath & Solter (1984) reported that enucleated mouse zygotes which received nuclei from 4-and 8-cell embryos were unable to develop in vitro. Tsunoda et al (1987) have reported that when the nuclei of 4-and 8-cell embryos were transferred to enucleated 2-cell embryos, they not only developed to the blastocyst stage, but also to full term. However, the nuclei transplanted into enucleated 2-cell embryos were not fully transformed to 2-cell nuclei, since most of these embryos compacted at the 4-cell rather than the 8-cell stage (Tsunoda et al, 1987) , and blastocysts developed from them were smaller and had fewer nuclei (Robl et al, 1986 ). The reconstituted 2-cell embryos receiving inner cell mass nuclei did not develop at all (Tsunoda etal.,1987 (Johnson, 1981) . The fact that only a few eggs receiving an inner cell mass nucleus developed beyond the 4-cell stage indicates that the conditions used in the present study were not adequate for conversion of the transplanted nucleus to a 'fertilization' one. It is also possible that the sensitivity of the cytoplasm at the second metaphase stage to u.v. irradiation and Hoechst staining may differ from that of cytoplasm at the pronuclear stage. Further studies, for example into the synchronization of cell cycle between cytoplasm and nucleus, and the optimal time between nuclear transplantation and activation, are required.
